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A NOVEL METHOD TO ACHIEVE STI P L AN AR I Z AT I ON 
BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

The invention relates to a method of 
fabricating semiconductor structures, and more particularly, 
to a method of forming planar ized shallow trench isolation 
structures in the manufacture of integrated circuit devices. 

(2) Description of the Prior Art 

Shallow trench isolation (STI) is now 
commonly used in the art as an alternative to local oxidatiSSfi 
of silicon (LOCOS) for forming isolations between active 
device areas in the integrated circuit. STI offers the 
advantages of smaller isolation area and better surface 
planarization when compared to LOCOS. However, the STI 
process suffers from dishing, especially over large trenches. 
Dishing can cause excessive device leakage in some cases. 
Currently, reverse masking, dummy active areas, and a newer 
nitride cap are the most commonly employed methods to prevent 
dishing during the STI chemical mechanical polishing (CMP) 
process. Unfortunately, these processes are expensive and 
time consuming. Furthermore, CMP is a "dirty" process that 
needs many subsequent cleaning steps. If CMP could be 
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eliminated, many trench isolation problems could be solved. 

Co-pending U.S. Patent Application 
Serial No. 09/439,357 (CS-99-059) to James Lee, filed 
on 15 November 1999, now U.S. Patent 6,197,691, teaches a new 
technique for preventing dishing in an STI process. This 
process requires an additional HF dip step. Co-pending U.S. 
Patent Application Serial No. 09/803,187 (CS-00-138) to 
V.L.S. Keong et al, filed on March 12, 2001, is an 
improvement over U.S. Patent 6,197,691 where the HF dip step 
is not required. Several prior art approaches disclose 
methods to form and planarize shallow trench isolations. 
U.S. Patent 6,057,210 to Yang et al shows a process in which 
corners of the silicon nitride areas are exposed using a wet 
etch. U.S. Patent 6,015,755 to Chen et al shows a partial 
reverse mask process in which a reverse mask is formed over 
wide areas. CMP or etchback is used. U.S. Patents 4,954,459 
to Avanzino et al and 5,961,794 to Morita teach reverse mask 
processes. U.S. Patents 5,923,993 to Sahota, 6,057,207 to 
Lin et al, and 6,103,581 to Lin et al teach CMP processes. 
U.S. Patent 6,004,863 discloses isotropic etching of oxide 
peaks . 
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SUMMARY OF THE INVENTION 

A principal object of the present invention 
is to provide an effective and very manufacture le method of 
fabricating shallow trench isolations in the manufacture of 
integrated circuits. 

A further object of the present invention is 

g t0 Pr ° Vide a method to fabricate planarized shallow trench 
p isolations. 

sstar 
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i Another object of the present invention is 

* to provide a method to fabricate planarized shallow trench 
C isola tions without using chemical mechanical polishing (CMP) 



Yet another object of the invention is to 
provide a method to fabricate planarized shallow trench 
isolations without using CMP and without using dummy active 
areas . 

In accordance with the objects of this 
invention, a new method of forming shallow trench isolations 
without using CMP is achieved. An etch stop layer is 
deposited on the surface of a semiconductor substrate. A 
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Plurality of isolation trenches are etched through the etch 
stop layer into the semiconductor substrate whereby narrow 
active areas and wide active areas are left between the 
isolation trenches. An oxide layer is deposited over the 
etch stop layer and within the isolation trenches using a 
high density plasma chemical vapor deposition process (HDP- 
CVD) having a deposition component and a sputtering component 
wherein after the oxide layer fills the isolation trenches, 
the deposition component is discontinued while continuing the 
sputtering component until the oxide layer is at a desired 
depth in the isolation trenches whereby the oxide layer 
within the isolation trenches is disconnected from the oxide 
layer overlying the etch stop layer. The oxide layer 
overlying the etch stop layer in the wide active areas is 
etched away wherein oxide layer residues are left overlying 
the etch stop layer. The etch stop layer and the oxide layer 
residues are removed to complete planarized shallow trench 
isolation regions in the manufacture of an integrated circuit 



device. 



Also in accordance with the objects of this 
invention, another method of forming shallow trench 
isolations without using CMP is achieved. A pad oxide 
layer is grown on the surface of a semiconductor substrate. 
A first etch stop layer is deposited over the pad oxide 
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layer. A plurality of isolation trenches are etched through 
the first etch stop layer and the pad oxide layer into the 
semiconductor substrate whereby narrow active areas and wide 
active areas are left between the isolation trenches. An 
oxide layer is deposited over the first etch stop layer and 
within the isolation trenches using a high density plasma 
chemical vapor deposition process (HDP-CVD) having a 
deposition component and a sputtering component wherein after 
the oxide layer fills the isolation trenches, the deposition 
^ component is discontinued while continuing the sputtering 
1 COmP ° nent Until the oxid * ^yer is sputtered back within the 
W isolation trenches to the level of the pad oxide layer. A 

1 SeC ° nd 6tCh St °P la ^ er i« deposited over the oxide layer 

SJ using a high density plasma chemical vapor deposition process 
£ (HDP - CVD > having a deposition component and a sputtering 
| component whereby the second etch stop layer is sputtered 

2 ^ ° verl * in 9 the oxide layer overlying the first etch stop 
layer in the narrow active areas and whereby the second etch 
stop layer remains overlying the oxide layer overlying the 
first etch stop layer in the wide active areas. The second 
etch stop layer overlying the oxide layer in the wide active 
areas is etched away. Then the oxide layer overlying the 
first etch stop layer in the narrow and wide active areas is 
etched away. The first and second etch stop layers are 
removed to complete planarized shallow trench isolation 
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regions in the manufacture of an integrated circuit device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings forming a 
material part of this description, there is shown: 

Figs. 1 through 7 schematically illustrate in 
cross-sectional representation a first preferred embodiment 
of the present invention. 

Figs. 8 through 14 schematically illustrate 
in cross-sectional representation a second preferred 
embodiment of the present invention. 



J DESCRIPTION OF THE PREFERRED EMBODIMENTS 



The present invention is an improvement over 
U.S. Patent 6,197,691 to James Lee and the co-pending 
application Serial No. (B^mi (CS-00-138) to V.L.S. 
Keong et al. The present invention achieves the prevention 
of oxide dishing and uniformity control of the oxide 
thickness as do the patent and co-pending application. 
However, the present invention offers the further advantage 
of eliminating the "dirty" CMP process. A first preferred 
embodiment of the present invention will be described with 
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reference to Figs. 1 through 7. A second preferred 
embodiment of the present invention will be described with 
reference to Figs. 8 through 14. 



Referring now more particularly to Fig. 1, 
there is shown a cross section of a partially completed 
integrated circuit device of the first preferred embodiment. 
A semiconductor substrate 10, typically consisting of 
monocrystalline silicon, is provided. A pad silicon dioxide 
layer 12 is thermally grown over the substrate surface to a 
thickness of between about 80 and 120 Angstroms. A first 
etch stop layer 14 is deposited overlying the semiconductor 
substrate 10. The first etch stop layer 14 acts as a stop 
for the subsequent etching of the gap fill layer. The first 
etch stop layer 14 is preferably comprised of silicon nitride 
and is deposited by low-pressure chemical vapor deposition 
(LPCVD). The first etch stop layer 14 is deposited to a 
thickness of between about 1500 and 2500 Angstroms. 

Referring now to Fig. 2, the first etch stop layer 14 
and the semiconductor substrate 10 are etched to form 
trenches 15 for planned shallow trench isolations that define 
wide and narrow active areas. For example, narrow active 
area 16 has a width of less than about 0.3 um while wide 
active area 17 has a width of greater than about 100 um. The 
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trenches are etched using a conventional etching process such 
as reactive ion etching (RIE). A liner oxide layer 18 is 
grown within the trenches 15 to a thickness of about 100 
Angstroms . 

Referring now to Fig. 3, a gap fill layer 20 of high 
density plasma (HDP) oxide is deposited overlying the first 
etch stop layer 14 and filling the trenches. HDP oxide is 
used because of the excellent gap filling properties of 
this process. In an HDP plasma process, the silicon 
dioxide material is deposited and etched simultaneously in 
the same reaction. This process causes the silicon dioxide 
to be deposited very densely and with no voids. In 
addition, the etching process causes the HDP oxide to assume 
the near 45 degree angle profile at trench corners as shown 
in the illustration. In addition, a densif ication step may 
be performed. 

After the correct amount of HDP oxide is deposited to 
fill the trenches, the deposition component of the HDP 
process is turned off, but the Argon ion sputtering component 
is continued. Under sputtering, the horizontal dimension 
reduces much faster than the vertical dimension. The 
selectivity between the slope of the oxide to the planar 
surface is approximately 5-10 : 1. Sputtering is continued 



8 



CS-00-197/199 



until the desired depth D of the final oxide is reached, as 
shown in Fig. 4. Notice that this sputtering step breaks the 
connection between the oxide 22 within the trenches and the 
oxide 20 overlying the etch stop layer 14. The deposition 
and sputter-back step just described are performed in-situ, 
as one step in the HDP chemical vapor deposition (CVD) 
process . 

Referring now to Fig. 5/ a reverse mask 25 is 
formed over the substrate exposing the large active areas 17. 
The reverse mask has an over-bias. Now, the oxide layer 20 
is etched away over the large active areas 17 where it is not 
| covered ^ the mask 25, using the etch stop layer 14 as the 
^ etch stop. After removing the mask 25, most of the etch stop 
L* layer 14 is exposed, as shown in Fig. 6. Residue of the 

iiJ 

g oxide 20 remains on top of the etch stop layer 14. 



Now, the etch stop layer 14 is removed by 
stripping with phosphoric acid, for example. This etch stop 
layer removal will also remove the oxide residues 20 
overlying the etch stop layer. As an alternative, the 
residue oxide 20 could first be removed by etching selective 
to the etch stop layer before stripping the etch stop layer. 
Fig. 7 illustrates the final planarity of the shallow trench 
isolation regions 22, showing good global uniformity without 
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dishing. Significantly, this good global planarity was 
achieved without chemical mechanical polishing, thus saving 
many cleaning process steps and saving costs. 

A second preferred embodiment of the present 
invention will be described with reference to Figs. 8 through 
12. The second embodiment of the invention is the same as 
the first embodiment through the steps shown in Fig. 2. 
Referring now to Fig. 8, a gap fill layer 20 of high density 
plasma (HDP) oxide is deposited overlying the first 
etch stop layer 14 and filling the trenches. HDP oxide is 
|jj used because of the excellent gap filling properties of 
| this P r °cess. In an HDP plasma process, the silicon 
y dioxide material is deposited and etched simultaneously in 
£ the same reaction. This process causes the silicon dioxide 
UJ to be deposited very densely and with no voids. In 
O addition, the etching process causes the HDP oxide to assume 
the near 45 degree angle profile at trench corners as shown 
in the illustration. In addition, a densif ication step is 
performed. A deposition to sputter ratio of about 3.6, +/- 
20%, is used to fill the trenches. 



After the correct amount of HDP oxide is deposited to 
fill the trenches, the deposition component of the HDP 
process is turned off, but the Argon ion sputtering component 
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is continued. Under sputtering, the horizontal dimension 
reduces much faster than the vertical dimension. Sputtering 
is continued until the oxide is etched back to about the 
level of the pad oxide layer 12, as shown in Fig. 9. Notice 
that in this embodiment, the sputtering step is shorter than 
in the first embodiment so that it does not break the 
connection between the oxide within the trenches and the 
oxide overlying the etch stop layer 14. The deposition and 
sputter-back step just described are performed in-situ, as 

p. one step, in the HDP chemical vapor deposition (CVD) process. 

□ 
D 

| Referring now to Fig. 10, a second etch stop 

layer 24 is deposited overlying the HDP oxide layer 20. The 
second etch stop layer 24 comprises silicon nitride deposited 
£ using HDP-CVD with a deposition to sputtering ratio of about 
| 2, +/- 20%. The HDP-CVD silicon nitride 24 is deposited onto 
D the HDP-CVD oxide layer 20 to a thickness of between about 
500 and 2000 Angstroms. The silicon nitride on the sidewall 
of the oxide 20 above the trenches is removed by this 
sputtering step. 



Referring now to Fig. 11, a reverse mask 25 
is formed over the substrate exposing the large active areas 
17. Now, the silicon nitride layer 24 is etched away over 
the large active areas where it is not covered by the mask 
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25, using the oxide layer 20 as the etch stop. After 
etching, the mask 25 is removed, as shown in Fig. 12. 

Now the exposed oxide 20 on top of the active 
areas is removed, as shown in Fig. 13. Referring now to Fig. 
14, the etch stop layers 24 and 14 are removed by stripping 
with phosphoric acid, for example. 

Fig. 14 illustrates the final planarity of 
the shallow trench isolation regions 20, showing good global 
uniformity without dishing. Significantly, this good global 
planarity was achieved without chemical mechanical polishing, 
thus saving many cleaning process steps and saving costs. 
The planarity is better in this second embodiment even than 
in the first embodiment because the nitride layer prevents 
any dishing. 

This completes fabrication of the shallow 
trench isolation regions. The shallow trench isolation has 
been formed without dishing and without CMP and the 
subsequent cleaning steps. 

While the invention has been particularly 
shown and described with reference to the preferred 
embodiments thereof, it will be understood by those skilled 
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in the art that various changes 
made without departing from the 
invention. 

What is claimed 



in form and details may be 
spirit and scope of the 

is: 
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